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Abstract 
Superalloys are designed for service at temperatures above 540 ºC. Due to their properties at high temperatures, this family of 
materials is used in different aircraft engine components. Aeronautic components demand reliable joining technologies. The laser 
welding of three different superalloys have been performed and analysed. Due to reduced extension of the heat affected zone 
(HAZ), and high quality and ratio “depth/width” of welded seams, laser welding has been a first joining technology candidate to 
new designs of components for new engines. The laser welding trials results, properties obtained, and development of the 
homologation of laser welding process are described. 
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1. Introduction  
Aeronautic Industry is working in the development and validation of new technologies related to gas turbines in 
their whole life cycle; from design and manufacturing, to the more than three in service decades of operation which 
are current values for this industry. For the Aeronautic Industry, and especially for the propulsion applications, the 
first decades of the century are characterised by requisites for higher security, less contamination (both gases and 
noise), and related to materials, energy and reduction of time-to-market values for new products. These necessities 
are also shared both by Europe (“European Aeronautics: A Vision for 2020”) and the United States (“Aeronautics 
and Space Transportation Technology: Three Pillars for Success, NASA Office of Aeronautics and Space 
Transportation Technology”). Almost 40% of direct operating costs of long range aircrafts are related to their 
engines. 
In this high demanding environment the technological development focused in satisfying its challenges is of 
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paramount importance. To reach successfully these demands it has been estimated that for the period 2000-2020 
R&D expenses will reach values over 100 billion Euros in Europe in the Aeronautic domain. 
The results included in this paper are part of a project focused in the development of a new engines’ generation. 
These engines will be more performing from the point of view of materials (“flight-to-buy” ratios), fuel 
consumption, noise reduction, and higher security in service. In this case, for the new engine prototype, several 
components made with superalloys will change both, the estate of the raw material (from castings to sheets, for 
instance), and their manufacturing paths (from machined components to formed and welded ones). Due to the 
materials used and the requirements in service for the components of the engine, welding by high energy beams 
(laser and electron beam) have been the first option as joining technologies. In this part of the study, the main results 
obtained in the laser welding of different superalloys (alloy 718 -“Inco 718”-, “René 41” and alloy 625 –“Inco 625”-
) are collected. These results include welding trials, metallographic characterisation (welding seam morphology and 
microstructures) by means of optical and electronic microscopy, hardness profiles, and mechanical testing 
(including high temperature tests –tensile and LCF for alloy 718-). 
Two joint configurations have been studied: butt and lap joints. The sheet thicknesses have been comprised 
between 1 and 3 mm. In this study two types of laser resonators have been used: Nd:YAG and CO2. Results in 
weldings obtained with both types of laser and TIG arc process have been analyzed and compared. Some prototypes 
as examples of the application of laser welding technology with this superalloys are shown, too.  
 
2. Materials 
Superalloys are fundamental materials for the aircraft engines; they are based on nickel, iron-nickel, or cobalt, 
and are designed for service at temperatures above 540 ºC. Superalloys may be wrought or cast, depending on the 
application and composition, and today there is also interest for components made by additive technologies using 
metallic powders as raw material.  Due to their properties at high temperatures, this family of materials is used in 
different aeroplane engine components. The most widely used alloy in this field is the one called “alloy 718”, whose 
composition is showed in table 1. 
Table 1. Composition Range of  estudied alloys  (wt%). 
Element Alloy 718  (%) René 41  (%) Alloy 625 
Nickel 50.00-55.00 Balance 58.00 min. 
Chromium 
Iron 
Niobium 
Molybdenum 
Aluminum 
Titanium 
Manganese 
Silicon 
Boron 
Carbon 
Sulfur 
Phosphorous 
17.00-21.00 
Balance 
4.75-5.50 
2.80-3.30 
0.20-0.80 
0.65-1.15 
0.35 max. 
0.35 max. 
0.006 max. 
0.08 max. 
0.015 max. 
0.015 max. 
18.00-20.00 
 
 
9.00-10.5 
1.40-1.60 
3.00-3.30 
 
 
0.006 max. 
0.12 max. 
 
20.00-23.00 
5.00 max. 
3.15-4.15 
8.00-10.00 
0.40 max. 
0.40 max. 
0.5 max. 
0.5 max 
 
0.10 max. 
0.015 max 
0.015 max 
Co 1.00 max. 12.00 1.00 max 
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3. Experimental study  
The complexity of many of these new engine components involves the necessity of development of reliable 
joining and “manufacturing by material deposition” technologies, as alternatives to other manufacturing processes, 
such as machining, casting or forging. In this study, the laser welding of three different superalloys has been 
performed and analysed (alloy 718 -“Inco 718”-, “René 41” and alloy –“Inco 625”-). Due to the reduced extension 
of the heat affected zone (HAZ), and potential high quality and high ratio “depth/width” of the welded seams, laser 
welding has been a first manufacturing joining technology candidate to new designs of components for new aircraft 
engines. In this paper, the laser welding trials results, properties obtained, and development of the homologation 
laser welding process are described. 
Two types of joints have been studied: butt joint and lap (“transparency”) joint (pictures of figures 1a to 1d).The 
welding trials have been performed with two types of high power lasers: Nd:YAG and CO2 lasers.The study has 
been performed first on rectangular samples -300 mm x 150 mm- (Figure 2a); from these samples the different 
metallographic and mechanical samples have been obtained. Two thicknesses have been used for the study: 2 mm 
and 5 mm. 
Laboratory characterization has been performed by NDT, metallographic (Figure 2b) analysis and mechanical 
testing (room temperature and 600 ºC). 
Finally, demonstrators have been welded following the experimental parameters obtained in the samples and 
have been also inspected and characterized. 
 
    
Figure 1a and b: butt joints; figures 1c and 1d: lap joints. 
 
   
Figure 2. a) experimental laser welding; b) metallographic sample; c) demonstrator. 
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4. Results and Discussion 
The first step of the process has been to obtain valid weldings for each superalloy and the corresponding 
metallurgical characterization in the base material, HAZ and seam.  
Prior to laboratory characterization, samples have been checked visually, with bending tests and with NDT 
(liquids, X-rays). The selected welded samples have been characterized in different ways: metallographical analysis 
(metallurgical microstructures, geometry and quality of the welds with aeronautic standarss), microhardness 
profiles, bending tests, tensile tests (both at room temperature and at 600 ºC), and low cycle fatigue tests (at 600 ºC). 
In figures 3a, 3b and 3c, representative microstructures of base material, HAZ and welding seam may be 
observed for alloy 718. The structureof base material  is a fine grained austenitic matrix in which are embeded other 
phases, especially γ’’ (not resoluble with optical microscopy), Ti carbinitrides, and others. In figures 4a, 4b and 4c, 
representative microstructures of base material, HAZ and welding seam may be observed for alloy 71. The structure 
of base material is a fine grained austenitic matrix with carbides and other phases aligned in the rolling direction. In 
figures 5a, 5b and 5c, representative microstructures of base material, HAZ and welding seam may be observed for 
alloy 625. 
 
 
 
 
 
 
 
 
 
Figure 3. Alloy 718.  a) Base material; b) heat affected zone; c) welding. 
 
 
 
 
 
 
 
 
 
Figure 4. Alloy “René 41”.  a) Base material; b) heat affected zone; c) welding. 
 
 
 
 
Figure 5. Alloy 625.  a) Base material; b) heat affected zone; c) welding. 
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Microhardness measurements chains of values –Vickers measurements- have been performed (standard: UNE 
1043), 0.2 mm distance between consecutive measurements. Obteined results are shown in figures 6, 7 and 8.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. Alloy 718.  Microhardness measurements. 
 
 
 
 
 
 
 
 
 
 
 
Figure 7. Alloy René 41.  Microhardness measurements. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8. Alloy 625.  Microhardness measurements. 
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From quantitative metallography measurements, welding parameters have been optimized to obtain required 
values of seam geometry: concavity, minimum weld width, welds widths at the crown, and so on. 
 
Results tables 2, 3 and 4 show the tensile tests results (UNE- EN 895:1996) obtained in samples welded by 
Nd:YAG laser, CO2 laser and TIG (as welded condition). Table 5 shows tensile test results for alloy 718 at 600 ºC 
in as welded condition, and table 6 tensile tests at 600 ºC in the same material after welding and heat treatment 
(solubilization and ageing heat treatment).  
Table 2. Tensile test (room temperature) results in samples welded by Nd:YAG laser. 
 
Base Material Welded Material  
 
Ref  R m (N/mm2) L0 (mm) A (%) 
R m   
( N/mm2) 
L0 
(mm) A (%) 
 
René 41  987 50 45.6 947,6 50 30.1 
Inco 
625  886.6 50 47 902,3 50 36.3 
 
Inco 
718  880 50 45 842 50 29.3 
 
 
 
Table 3. Tensile test (room temperature) results in samples welded by CO2 laser. 
 
 
Base Material Welded Material  
 
Ref  R m (N/mm2) L0 (mm) A (%) 
R m   
( N/mm2) 
L0 
(mm) A (%) 
 
René 41  987 50 45.6 993.5 50 20.1 
Inco 625  886.6 50 47 928.9 50 36.9 
Inco 718  880 50 45 791.5 50 23.1 
 
Table 4. Tensile test results in samples welded by TIG. 
 
Base Material Welded Material  
 
Ref  R m (N/mm2) L0 (mm) A (%) 
R m   
( N/mm2) 
L0 
(mm) A (%) 
 
René 41  987 50 45.6 964 50 34 
Inco 625  886 50 47 885 50 33.4 
Inco 718  880 50 45 854 50 36 
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Table 5. Inco 718. Laser welded. Tensile tests at 600 ºC. As welded condition. 
Reference Rm (MPa) Rp (MPa) A (%) 
Inco 718 –as welded 1- 767 463 26,5 
Inco 718 –as welded 2- 771 472 27,5 
Inco 718 –as welded 3- 770 473 28,5 
 
Table 5. Inco 718. Laser welded. Tensile tests at 600 ºC. Heat treated samples (solubilization + ageing). 

Reference Rm (MPa) Rp 0,2 (MPa) A (%) 
Inco 718 –heat treated 1- 1197,6 1140,6 9,0 
Inco 718 –heat treated 2- 1200,8 1124,6 9,5 
Inco 718 –heat treated 3- 1228,3 1137,8 5 

 
 
 
As may be observed from obtained results, properties obtained with laser welding for this alloys are suitable for 
industrial applications involved. 
 
Finally, after obtaining the optimized properties, demonstrator in different alloys have been welded. In Figure 9, 
one of these demonstrators is shown. 
 
 
 
 
 
 
 
 
 
 
 
Figure 9. Demonstrators of components welded by laser. 
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5. Conclusions 
Results of this study have confirmed that laser welding is a high potential tool for joining superalloys for 
demanding applications, such as those of the Aeronautic Industry.  
From the point of view of matellurgical and mechanical properties and seam geometry, the obtained laser welds 
have been satistactory (results are as good as those obtained by other welding means). 
Properties obtained in laser welded selected superalloys (718, 625, rené 41) meet requirements for welding 
homologationd. At high temperatures (600ºC), properties of welded samples keep the required properties. 
For the types of alloys and designs studied, the main advantages of laser welding are the reduced heat affected 
zone (HAZ) and the minimal distortions introduced by the process with the higher process speeds. 
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